Effects of stereochemical structures of tetrahydrobiopterin on tyrosine hydroxylase.
1. Four stereochemical isomers of tetrahydrobiopterin, i.e., 6-L-erythro-, 6-D-erythro-, 6-L-threo-, or 6-D-threo-1,2-dihydroxypropyltetrahydropterin, have been synthesized and used as cofactors for tyrosine hydroxylase (EC 1.14.18.-) purified from the soluble fraction of bovine adrenal medulla. The L-erythro- (the putative natural cofactor) and D-threo isomers showed a striking similarity in their cofactor activities for tyrosine hydroxylase; the remaining two isomeric tetrahydrobiopterins, D-erythro and L-threo isomers, also had very similar cofactor characteristics. 2. The Km values of the L-erythro and D-threo isomers as cofactor were found to be dependent on their concentrations. When their concentrations were below 100 muM, the Km values of the L-erythro and D-threo isomers were fairly low (about 20 muM). However, the Km values were markedly higher (about 150 muM) at concentrations above 100 muM. The same kinetic behavior was also observed with the tetrahydrobiopterin prepared from a natural source (bullfrog). In contrast, the Km value of the L-threo or D-erythro isomer was found to be independent of the concentration and remained constant throughout the concentration examined. 3. The Km values of tyrosine did not show much difference (from 20 muM to 30 muM) with respect to the structure of the four isomeric cofactors. At high concentrations tyrosine inhibited the enzymatic reaction with any one of the four tetrahydrobiopterin cofactors. 4. Oxygen at high concentrations was also inhibitory with any one of the four stereochemical isomers as cofactor. Approximate Km values for oxygen with the tetrahydrobiopterins as cofactor were 1-5%. 5. In contrast to the four isomers of tetrahydrobiopterin, when 6-methyltetrahydropterin or 6,7-dimethyltetrahydropterin was used as cofactor tyrosine or oxygen did no inhibit the enzymatic reaction at high concentrations, and the Km values toward the pterin cofactor, tyrosine, and oxygen were significantly higher than the Km values with the tetrahydrobiopterins as cofactor.